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We have investigated the elastoresistance of two FeSe1−xTex (x about 0.4 - 0.5) compounds that
have a close chemical composition but differ significantly in electronic properties. The first compound
has a negative temperature coefficient of resistance and does not show any phase transitions other
than superconducting. The elastoresistance of this compound approximately follows 1/T low as it
usually occurs in Fe(Se,S) with metallic conductivity. The second compound has a metallic type
of conductivity and in addition to the superconducting transition, there is also a phase transition
at a temperature of about 30 K. The elastoresistance of the second compound is sign-reversing
and can be approximated with the sum of two Curie-Weiss type terms with opposite signs and
different critical temperatures which suggest a competition of contributions to the elastoresistance
from different band valleys.
PACS numbers: 74.70.Xa, 74.25.F-
I. INTRODUCTION
The high values of the strain coefficient of electri-
cal resistivity are observed in many series of iron-
based superconductors. This interesting phenomenon
is being actively studied now since the reasons for the
large elastoresistance effect can be associated with the
mechanism of superconducting pairing in this family of
superconductors1–3.
In the semiclassical approximation, the contribution to
a conductivity from the i-th group of carriers σi is deter-
mined by the concentration of carriers ni, the effective
mass of carriers m∗i , and the scattering time τi:
σi =
eniτi
m∗i
(1)
The elastoresistance of many ordinary metals and al-
loys is reasonably well explained4 under the assumption
that the effective mass does not change during defor-
mation and the density of states and scattering time
change only due to a change in volume. In this ap-
proach, changes in concentration and scattering time pro-
vide roughly equal contributions to the strain coefficient
of resistivity which are of the order of unity.
For silicon, the gauge factor can reach values of the or-
der of a hundred. In semiconductor materials, the change
in the value of resistivity during deformation is primar-
ily due to the redistribution of carriers between the val-
leys with different anisotropy5. In other words, due to
changes in the concentrations ni of the valleys. Change
in the anisotropy of one of the valleys is also an important
factor for silicon6.
In semimetals, the elastoresistance can also be large.
For bismuth, for example, this value is of the order of a
ten. Recently, values of the order of a hundred have been
reported for the elastoresistance of one of the transition
metal dichalcogenides7.
In the case of iron-based superconductors, the magni-
tude of the elastoresistance can reach several hundred.
The temperature dependence of the elastoresistance is
often of the Curie-Weiss type with diverging behavior at
the points of structural or magnetic transitions, which
suggest the electronic origin of the corresponding tran-
sitions. An important question so far remains which of
the properties of the electronic subsystem causes this di-
vergence. In the quasiclassical variables of equation (1)
this can be either the thermodynamic properties of the
carriers m∗i and ni or the scattering time τi. The last
of these possibilities is of great interest since it can im-
ply a significant role of nematic fluctuations, which may
also be important for understanding the mechanism of
superconducting pairing in iron-based superconductors.
On the other hand, large values of elastoresistance can
also be explained in the framework of the band approach,
taking into account only the thermodynamic properties
of carriers. This approach is confirmed by recent experi-
mental results8. For example, it was found that a change
in the sign of elastoresistance in series 1-1 occurs in the
same composition range where a change in the sign of the
main carriers is expected9. A change in the sign of re-
sistance anisotropy in the ordered state in compositions
1-2-2 also correlates with the type of doping10.
The noticeable effect of strain on the electronic struc-
ture in FeSe was directly observed experimentally11. It
is also well known that the band structure in FeSe1−xTex
2changes significantly during the nematic transition12 and
the effective mass of carriers in the nematic phase is
anisotropic for some valleys. Thus, the band contribu-
tion to elastoresistance certainly exists.
In general, the components of the mass tensor and
the relaxation time tensor enter the Boltzmann equation
as pairwise products of the relaxation time and the re-
ciprocal mass. Therefore, within the framework of the
semiclassical approximation, the separation of the con-
tribution of these quantities to transport properties is
ambiguous. Nevertheless, the question of the sources of
the record values of elastoresistance is as important as
the question ”what drives nematic order in iron-based
superconductors?”13.
To study the relationship between the elastoresistance
and other electronic properties, we investigated the prop-
erties of two FeSe1−xTex compounds with close x but
with the opposite signs of the temperature coefficient of
resistivity. In our opinion, the results obtained indicate a
close relationship between the elastoresistance and band
properties. In particular, a competition of contributions
from different valleys leads to the temperature depen-
dence of the elastoresistance with a change in sign found
in one of the compounds studied.
II. EXPERIMENT
There were selected two compositions from a rather
large number of studied batches of the FeSe1−xTex se-
ries for x near 0.4-0.5, as having a maximum difference
in transport properties, presumably corresponding to the
boundary values of the deviation of the stoichiometry of
iron. The range of values of x is chosen because of a
transition from bad to good metal occurs nearby, and
samples with almost the same value of x can have differ-
ent signs of the temperature coefficient of resistance. It
is also worth noting that in this range the conditions for
topological superconductivity are fulfilled14.
Single crystals of Fe1+∆Se0.5Te0.5 and Fe1+δSe0.6Te0.4
were grown using recrystallization in halides flux tech-
nique with a constant temperature gradient along quartz
ampoule. A driving force of the recrystallization process
is the temperature gradient. The mixture of Fe, Se, and
Te powders was dissolved in molten salts at the hot end
of an ampoule and transferred to the cold one where crys-
tallization occurs. The difference between temperatures
of hot and cold ends of the ampoule was about 50-100K.
See ref.15,16 for more details of this technique.
Sample Fe1+∆Se0.5Te0.5 was synthesized in
CsCl/KCl/NaCl eutectic flux, the temperature of
the hot end of the ampoule was 655◦C and of the cold
end was 575◦C. Sample Fe1+δSe0.6Te0.4 was synthesized
in AlCl3/NaCl/KCl flux and the temperature mode was
585◦C at the hot end and 495◦C at the cold end. Both
syntheses were carried out for about 75 days.
The chemical composition of crystals was studied
with a digital scanning electronic microscope TES-
CAN Vega II XMU with the energy dispersive micro-
analysis system INCA Energy 450 (accelerating volt-
age 20 kV, probe current 0.4 nA). The experimen-
tally determined chemical composition values were
Fe1.02Se0.49Te0.51 and Fe0.98Se0.6Te0.4 for the batches
designated as Fe1+∆Se0.5Te0.5 and Fe1+δSe0.6Te0.4, re-
spectively.
FIG. 1. Log-log plot of the temperature dependence of re-
sistivity for Fe1+δSe0.6Te0.4 and Fe1+∆Se0.5Te0.5 above 15 K.
For reference, two dashed lines with a slope of -0.2 and 0.3 are
shown. Inset: Temperature dependence of resistivity below 15
K.
Contact pads for electrical measurements were made
by magnetron sputtering of Au/Ti layers using a me-
chanical mask. DC transport measurements were done
using QD PPMS and EDX options of MPMS 7T with
Keithley 2400 and Keithley 2192. Elastoresistivity was
measured similarly to the method described in ref.1 using
AC transport option of a Quantum Design PPMS system
equipped with a multifunctional insert. During measure-
ments, the sample was glued to a commercial piezoelec-
tric transducer. The sample elongation was measured by
a strain gauge located on the other side of the piezoelec-
tric device.
III. RESULTS
The temperature dependences of the resistivity of the
studied compositions are shown in Fig. 1. In the log-
log plot, the experimental data are almost linear in a
wide temperature range. For Fe1+∆Se0.5Te0.5 the slope
is about -0.2, which is close to the Mott law and appar-
ently reflects the hopping nature of the conductivity in
the studied composition. This is in agreement with the
supposed increased excess of iron. The critical temper-
ature for this composition is close to 14 K. One should
notice that a negative value of the temperature coefficient
is almost standard for compositions with 50% tellurium
and was observed by many authors17, especially in the
early years of studying this family.
It is known that slight variations in the synthesis of
3compounds of the family 1-1 can lead to rather notice-
able changes in the transport properties of crystals18. It
was also found that the transport properties noticeably
change with various heat treatments that remove non-
stoichiometric iron19.
For our Fe1+δSe0.6Te0.4 the slope of R(T) in log-log
plots is about 0.3. This is closer to the metallic behavior
observed in FeSe1−xSx
20,21, although an activation com-
ponent is also present in the resistance of the FeSe at
high temperatures22.
In general, the temperature dependence of the resis-
tance of Fe1+δSe0.6Te0.4 agrees very well with the re-
cently published data for Fe1+δSe1−xTex compositions
23,
including an anomaly in resistance at a temperature of
about 30 K, presumably caused by a magnetic transition.
FIG. 2. Temperature dependence of the Hall coefficient for
Fe1+δSe0.6Te0.4 and Fe1+∆Se0.5Te0.5. Inset: Temperature de-
pendence of the Hall coefficient for Fe1+δSe0.6Te0.4.
The temperature dependences of the Hall coefficients
of the compositions studied are shown in Fig. 2. This
plot also indicates a significant difference in the electronic
properties of the samples. For Fe1+δSe0.6Te0.4 the de-
pendence again similar to the case of metallic FeSe1−xSx
where the Hall coefficient has a change of sign caused by
the competition of electronic and hole components. For
Fe1+∆Se0.5Te0.5 RH is positive at all temperatures. It
is known that heat treatments of FeSe1−xTex, which re-
move part of the excess of iron, also cause a change in
the dependencies of the Hall coefficient from always pos-
itive to dependence with a change of sign24. Thus, the
substantial difference in the transport properties of the
studied compounds with similar composition can be ex-
plained by variations in the non-stoichiometry of iron.
The excess non-stoichiometric iron in Fe1+∆Se0.5Te0.5
dopes this composition and increases the degree of disor-
der.
The difference in the electronic transport properties of
our compounds also manifests itself in elastoresistance
(see Fig. 3). Elastoresistance of Fe1+∆Se0.5Te0.5 slowly
increases with the decreasing temperature down to about
50 K, where it shows saturation. This dependence is
fairly well approximated by the A/T term and constant in
almost the entire temperature range. The absolute values
of elastoresistance of this composition do not exceed 20.
In the sample Fe1+δSe0.6Te0.4, the behavior of elas-
toresistance is much more complicated. There are two
temperature changes in the sign of the elastoresistance.
Nevertheless, above the temperature of the structural
transition, the dependence of the elastoresistance is well
approximated by two terms of the A/(T − θ) type with
different signs.
IV. DISCUSSION AND CONCLUSION
FIG. 3. Temperature dependence of the longitudinal ela-
storesistivity (∆ρxx/ρxx)/(∆lx/lx) for Fe1+δSe0.6Te0.4 and
Fe1+∆Se0.5Te0.5. The dotted curves represent a Curie-Weiss
type dependence and the sum of two Curie-Weiss terms with
different parameters. (870/T + 2 and 9000/T − 3700/(T −
30) + 2) Inset: The relative change of resistivity (∆ρxx/ρxx)
as a function of elongation (∆lx/lx) at several temperatures.
Depending on what is the source of elastoresistance,
we expect different changes in the magnitude of the ef-
fect due to changes in electronic properties, for example,
in scattering time. For example, if the cause of the elas-
toresistance is a band parameter m∗, then from equation
(1) we can obtain:
1
ρ
∂ρ
∂ǫ
=
1
m∗
∂m∗
∂ǫ
(2)
where ǫ is elongation. Thus, in the case of the band
mechanism of the elastoresistance, a change in the scat-
tering time, for example, with an increase in disorder,
does not change the behavior of elastoresistance.
If the elastoresistance is caused by a change in the
scattering, then the elastoresistance will change in a com-
pletely different way when the scattering is modified. The
elastoresistance should be completely suppressed when
scattering by nematic fluctuations becomes insignificant
in comparison with other contributions to scattering.
For samples ”a” and ”b” differing only in scattering, in
4the approximation of independent scattering times, from
equation (1) we can obtain:
1
ρa
∂ρa
∂ǫ
=
1
ρb
∂ρb
∂ǫ
× (
ρb
ρa
) (3)
For the two compounds studied, the ratio of resistance
is close to the temperature function in 0.5 power. More-
over, for FeSe1−xSx the resistance increases with temper-
ature faster than the linear function in a wide temper-
ature range25. But in all these cases, the experiments
reveal T−1 dependencies for elastoresistance. This indi-
cates that the relation (3) is most likely not applicable.
We also consider the complicated temperature depen-
dence of the elastoresistance for Fe1+δSe0.6Te0.4 to be a
manifestation of the band nature of the elastoresistance.
We attribute this behavior to the competition of contri-
butions from different valleys as will be explained below.
For two independent group of carriers the total resis-
tance has the expression:
ρ1+2 =
ρ1ρ2
(ρ1 + ρ2)
(4)
where ρ1+2 is total resistance, and ρ1,2 = 1/σ1,2 is a
reciprocal of the conductivity of one group. Elastoresis-
tance will be expressed as:
1
ρ1+2
∂ρ1+2
∂ǫ
=
1
ρ1
∂ρ1
∂ǫ
ρ2
ρ1 + ρ2
+
1
ρ2
∂ρ2
∂ǫ
ρ1
ρ1 + ρ2
(5)
If ratio σ1/σ2 is temperature independent, which is a
good approximation in many cases, then the elastore-
sistance of the material can be represented as a linear
combination of the contributions of two groups.
It should be recognized that the sum of two indepen-
dent contributions can be obtained under various as-
sumptions. For example, such a sum can describe the
contributions of different phases in the presence of phase
separation or bulk and surface contributions. Compo-
sitions near FeSe0.6Te0.4 with metallic conductivity and
magnetic transition little has been studied. Perhaps they
have features not yet known. But now the most proba-
ble is the assumption of the microscopic nature of two
contributions in the elastoresistance.
As it can be seen from Fig. 3, the temperature depen-
dence of the elastoresistance of sample Fe1+δSe0.6Te0.4 is
satisfactorily described by the sum of two Curie-Weiss-
type contributions with different signs and different criti-
cal temperatures. The difference in critical temperatures
is a key feature since it provides a change of sign. In the
band model of elastoresistance, different values of critical
temperatures for different valleys are a completely clear
assumption, since it can be a local characteristic of the
valley. It seems more sophisticated to find the reason for
the existence of two different critical points for scattering
processes.
In conclusion. The study of elastoresistance of two
close compositions FeSe1−xTex with substantially differ-
ent electronic properties revealed two important features.
First, a change in the type of conductivity of the compo-
sitions does not change the type of temperature depen-
dence of elastoresistance. Second, the sign-reversal tem-
perature dependence of the elastoresistance is observed,
which is explained by the existence of two competing con-
tributions with different critical temperatures.
Both detected phenomena have a simple explanation
in the framework of the band model of elastoresistance.
Thus, the record values of the elastoresistance along with
the record values of the absorption of ultrasound26 and
the record increase of the superconducting temperature
under pressure27 can be attributed to the features of the
band structure of iron-based superconductors.
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